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Abstract

Bovine digital dermatitis (BDD) is a highly contagious infectious disease affecting the hooves of cattle and represents a major 
cause of lameness in both dairy and beef production systems worldwide. This study aims to analyze the complex microbiota 
involved in BDD, identify virulence factors, and describe the environmental and management-related risk factors that favor its 
dissemination. Furthermore, it evaluates the significant economic impacts and productivity losses associated with the disease. 
BDD is characterized by painful ulcerative lesions in the interdigital region, primarily associated with a synergistic consortium 
of anaerobic bacteria. Species of the genus Treponema are recognized as the primary etiological agents, though other pathogens 
such as Fusobacterium necrophorum, Dichelobacter nodosus, and Porphyromonas levii play critical roles in lesion development and 
persistence. Environmental stressors, including excessive moisture, poor hygiene, high stocking density, and inadequate biosecurity 
protocols, are major predisposing factors. The economic consequences are substantial, characterized by a marked reduction in milk 
yield, impaired reproductive performance, premature culling, and rising treatment costs. A comprehensive understanding of the 
etiological agents and associated risks is essential for implementing effective preventive measures, such as strategic hoof trimming 
and footbaths, ultimately ensuring animal welfare and herd profitability.
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Introduction

Dairy cattle farming is one of the main economic activities of 
Brazilian agribusiness, with a relevant participation in the national 
gross domestic product and great social impact, especially in the 
South, Southeast and Midwest regions. In 2022, Brazil produced 
about 35 billion liters of milk, being the fourth largest producer in 
the world, behind only the United States, India, and China [7,13].

The health of the herds is a determining factor for the produc-
tivity and sustainability of the dairy activity. In this context, hoof 
health is extremely important, as it directly interferes with locomo-
tion, welfare, food intake, reproductive efficiency, and milk produc-
tion of animals [25]. Studies indicate that foot changes are among 
the main causes of economic losses in intensive production sys-
tems, and can reduce milk production by up to 20%, in addition to 
increasing the risk of early culling of cows [19].
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The most common hoof disorders in cattle include laminitis, sole 
ulcers, white line disease, interdigital dermatitis, and bovine digital 
dermatitis (DDB). The latter has gained prominence in recent years 
due to its high incidence in confined dairy herds and the difficulty 
in controlling it. Characterized by necrotic, moist and foul-smelling 
lesions in the interdigital region, especially of the hind limbs, DDB 
is an infectious disease of multifactorial etiology [2,3]. 

DDB is considered one of the main causes of lameness in dairy 
cattle and can significantly compromise the welfare and produc-
tivity of the animals. The disease is strongly associated with unfa-
vorable environmental conditions, such as excessive humidity, ac-
cumulation of organic matter in facilities, and inadequate sanitary 
management [26]. The main etiological agents involved include 
anaerobic bacteria, especially of the genus Treponema, as well as 
Fusobacterium necrophorum, Dichelobacter nodosus, and Porphy-
romonas levii [4,5]. 

This foot condition has become one of the main causes of lame-
ness in dairy cattle in intensive systems, with a direct impact on 
productivity, animal welfare and operating costs of the properties. 
Despite the growing relevance of this disease in the modern live-
stock scenario, its etiology still presents aspects that require con-
tinuous and in-depth investigation [5].

DDB has a multifactorial character, with the participation of 
different microorganisms, especially bacteria of the genus Trepo-
nema, as well as Fusobacterium necrophorum, Dichelobacter nodo-
sus and Porphyromonas levii. The interaction between these agents, 
associated with environmental and management factors, hinders 
effective control of the disease and makes diagnosis and treatment 
challenging. In addition, the mechanisms of virulence, persistence, 
and transmission of agents are not yet fully elucidated [4].

Factors such as the absence of biosecurity protocols, the intro-
duction of asymptomatic carrier animals, and failures in the pre-
ventive hoofing routine also contribute to the spread of the dis-
ease. In addition, immunosuppression associated with heat stress 
or inadequate nutritional conditions may favor the installation and 
persistence of infection [17]. Thus, it is essential to analyze and 
discuss the main available information about the etiological agents 
involved in DDB, their virulence factors, and their interactions with 
the environment and host. Addressing these issues contributes sig-
nificantly to the understanding of the disease and offers subsidies 

for the improvement of more effective preventive, diagnostic and 
therapeutic measures.

An in-depth understanding of the agents involved, the virulence 
factors and the risks associated with DDB is essential to reduce its 
prevalence and mitigate its impacts on modern cattle farming. It is 
evident that this work also seeks to guide veterinary professionals, 
producers and researchers on the best practices for sanitary man-
agement, minimizing the impacts of the disease on the productive 
and reproductive performance of animals, in addition to favoring 
the well-being of cattle.

In view of the complexity and growing relevance of this disease 
in modern livestock, this study aims to analyze bovine digital der-
matitis under three central pillars: (1) to identify the infectious 
agents involved and their virulence mechanisms; (2) describe the 
risk and predisposing factors in milk and beef production systems; 
and (3) quantify the productive and economic impacts of the dis-
ease. With this, it seeks to offer technical subsidies to veterinarians, 
researchers and producers, optimizing control strategies and pro-
moting animal welfare. 

Methodology

This study consists of an exploratory and descriptive litera-
ture review. Data collection took place between February and 
April 2025, through a systematized search in the PubMed, SciELO, 
Google Scholar, and ScienceDirect databases. The following de-
scriptors were used in Portuguese and English: “bovine digital der-
matitis”, “infectious agents”, “treponema”, “risk factors” and “cattle 
lameness”.

The inclusion criteria were: original and review scientific ar-
ticles published between 2015 and 2025, written in Portuguese 
or English, that addressed the etiology, pathogenesis, epidemiol-
ogy, or economic impacts of DDB. As exclusion criteria, duplicate 
studies, abstracts of events without full text, and papers that did 
not present technical grounds consistent with the objectives were 
discarded. In addition, technical guidelines for animal health from 
the Ministry of Agriculture and Livestock (MAPA) were consulted.

Results and Discussion

Hooves play an essential role in the support and locomotion of 
cattle, being fundamental for productive performance and animal 
welfare. Structurally, each member of the cattle ends in two digits, 
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each surrounded by a corneal capsule composed of keratin, which 
protects the sensitive and vascularized tissue. The main anatomical 
regions of the hooves include the wall, sole, bulb, white line, and 
ranilla, all of which have specific functions related to impact ab-
sorption, traction, and weight bearing [14]. 

Hoof health is directly linked to the animal’s general health 
and zootechnical efficiency, since foot injuries reduce the ability 
to move, affect food intake and interfere with reproductive perfor-
mance, leading to a drop in milk production and weight gain [10]. 
In intensive production systems, the prevalence of foot disorders 
tends to be higher due to constant contact with hard surfaces, high 
humidity, and accumulation of feces, factors that favor the emer-
gence of foot diseases such as laminitis, sole ulcers, and bovine 
digital dermatitis [22]. 

In addition, anatomical or physiological changes in the hooves, 
such as pressure imbalances or structural deformations, can com-
promise animal welfare and cause lameness. In morphometry 
studies carried out with Nellore cattle, significant differences in 
hoof structure were observed between confined animals and those 
kept on pasture, indicating the direct influence of management on 
foot anatomy [15].

Therefore, understanding the anatomy of hooves and their 
functional importance is essential for disease prevention, proper 
hoofing and implementation of effective sanitary management 
practices. Regular monitoring of the foot condition of the animals, 
combined with technical knowledge, contributes significantly to 
the productivity and longevity of the herds [20,21].

DDB is a multifactorial infectious disease that mainly affects 
dairy cattle, being one of the main causes of lameness and eco-
nomic losses in livestock. The etiology involves a complex inter-
action of microorganisms, with bacteria of the genus Treponema 
standing out as the main agents associated with the lesions char-
acteristic of the disease [16]. Recent studies have identified several 
species of Treponema in DDB lesions, including T. pedis, T. medium, 
T. phagedenis, T. refringens, and T. denticola. These spirochetes are 
often found in the deeper layers of the lesions, suggesting their 
crucial role in the pathogenesis of the disease [2]. In addition to 
Treponema, other bacteria have been associated with DDB, such as 
Fusobacterium necrophorum, Dichelobacter nodosus, Porphyromo-
nas levii, Mycoplasma spp., Bacteroides spp., and Campylobacter 
spp. The concomitant presence of these microorganisms indicates 

a bacterial synergism that contributes to the severity and persis-
tence of the lesions [16]. 

The virulence factors of these agents include the production of 
proteolytic and collagenolytic enzymes, which facilitate the inva-
sion and destruction of hoof tissues. Treponema spp., for example, 
express adhesins that promote adherence to host cells, as well as 
proteins involved in motility, such as flagellins, which aid in the 
spread of infection [18]. The ability to form biofilms is also an im-
portant factor in the virulence of these pathogens, providing pro-
tection against the host’s immune system and increasing resistance 
to antimicrobial treatments. This characteristic makes it difficult to 
control DDB and contributes to its chronicity [2]. 

Understanding infectious agents and their virulence mecha-
nisms is essential for the development of effective DDB prevention 
and control strategies. Investments in research aimed at elucidat-
ing the pathogenesis of the disease and identifying specific thera-
peutic targets are essential to mitigate the impacts of this disease 
on cattle farming.

DDB is a disease largely influenced by environmental factors, 
management and individual characteristics of animals. These ele-
ments act in a combined way, favoring the installation and dissemi-
nation of the disease in dairy and, to a lesser extent, beef herds. The 
understanding of the predisposing factors is essential for the for-
mulation of strategies for the control and prevention of the disease 
[2,8]. Among the main environmental risk factors, high humidity, 
accumulation of feces and urine in the facilities, and abrasive or 
slippery floors stand out, especially in intensive confinement sys-
tems, such as free-stall and compost barn [8,24]. These conditions 
promote lesions in the interdigital skin and facilitate colonization 
by opportunistic microorganisms.

In addition, high stocking density and inadequate ventilation 
contribute to the persistence of a microclimate conducive to bac-
terial proliferation. The introduction of infected animals without 
adequate quarantine is also considered an important vector for 
the introduction and spread of DDB on disease-free farms [2]. 
Individual characteristics such as low body condition score, hoof 
conformation and lactation stage also influence the susceptibil-
ity of the animals. Cows in the immediate postpartum period are 
more vulnerable due to the hormonal and immunological changes 
typical of the phase, which temporarily compromise the immune 
response [6]. 
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Another critical factor is the absence of preventive hoofing pro-
grams. Lack of periodic maintenance of the foot anatomy can result 
in deformed hooves, accumulation of dirt in the interdigital region, 
and greater predisposition to injury and infection [22]. Therefore, 
according to Andrade [2], the combined presence of these factors 
establishes an environment conducive to the emergence of DDB. 
Effective control of the disease depends on the identification of the 
specific risks of each production system and the adoption of good 
practices of animal management, hygiene, biosecurity and moni-
toring.

DDB is one of the main causes of infectious lameness in cattle, 
especially in dairy herds, causing significant economic losses for 
producers. The financial impacts associated with DDB are multi-
factorial, including reduced milk production, increased treatment 
costs, early culling of animals, and impaired reproductive efficiency 
[11]. Studies indicate that cows affected by DDB may show a reduc-
tion in milk production of up to 1.5 kg per day, depending on the 
severity of the lesions and the stage of lactation [12]. In addition, 
the pain and discomfort caused by the disease lead to behavioral 
changes, such as lower food intake and reduced physical activity, 
negatively impacting the productive and reproductive performance 
of animals [9]. 

Direct costs related to DDB treatment include spending on 
medications, additional labor, and dressing materials. In a study 
conducted by Akin and Akin [1], it was shown that effective treat-
ment of DDB can lead to an increase in milk production, offsetting 
treatment costs in approximately 27 days after starting therapy. 
However, the lack of adequate treatment can result in chronic in-
juries, requiring more complex and costly interventions. In addi-
tion to direct costs, DDB is also associated with significant indi-
rect losses. The disease is one of the leading causes of involuntary 
culling in dairy herds, leading to early replacement of animals and 
increased replacement costs [23]. It is estimated that the average 
cost per animal affected by DDB ranges between US$ 150 and US$ 
300, depending on the severity of the case and the conditions of 
management of the property [23]. Therefore, DDB represents a sig-
nificant economic challenge for cattle farming, requiring the imple-
mentation of effective prevention, early diagnosis, and appropriate 
treatment strategies to mitigate its financial impacts and promote 
animal welfare. 

Conclusion

Bovine digital dermatitis (DDB) is a complex health challenge, 
whose solution lies in the integration between microbiological di-
agnosis, environmental management, and economic analysis. The 
study shows that the pathogenicity of the disease is enhanced by 
the synergistic interaction of infectious agents in environments 
with poor hygiene, making risk factors the main target for control 
interventions. It is concluded that the quantification of productive 
impacts is indispensable to justify the investment in preventive 
and continuous monitoring protocols. Therefore, DDB mitigation 
in modern livestock farming depends on proactive strategies that 
prioritize animal welfare as a pillar of the economic viability of beef 
and dairy systems.
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